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ABSTRACT 

The f a c i l i t i e s  planned i n  reference (a) for  the 
S ta t ic  Test S i t e  at  AMR for  acceptance f i r ing  
the LEM prapulsion subsystem a r e  adequate, with 
the exception of the Stat ic  Test Si te  control 
building; which i s  marginally adequate for  
housing the control equipment. The equipment 
required for  the checkout operation a t  t h i s  s i t e  
i s  included in  t h i s  report, with layouts of the 
equipment i n  the planned buildings for  the si te.  
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The f a c i l i t i e s  planned fo r  the Stat ic  Test Site 
at AMR for  acceptance firing the LEM propulsion 
subsystem are adequate, e t h  the exception of the 
S ta t ic  Tes t  S i te  Control Building; which I s  marginally 
adequate fo r  housing the control equipment. 
equipment required for the  checkout operation at t h i s  
s i t e  i s  included i n  this report, with layouts of the 
equipment in the planned buildings for the site. 

The 

REPORT m-2-4 'B' 
1/15/64 

G R U M M A N  A I C C  I ) A F T  ENGl # E  E l l  N G  C O R P O R A  1 I O N  



REFERENCES 

a. MSC-AMR Operations - Criteria for  Design - 
MSC Sta t ic  Tes t  Faci l i ty  - Preliminary. 11 Dec 1963 

b. GAEC Report No. LED-2-2 - Technical Criteria 
for Altitude Simulation System for  Apollo LEM 
Test Facility, NASA, MSC Test Area, WSMR - 
17 June 1963. 

c .  U.S. Amq Engineer District ,  Albequerque - Corps of 
Engineers Albequerque, New Mexico - Specifications 
for  Construction of LEN Test Faci l i t ies ,  NASA/MSC - 
WSMR, New Mexico Specfication #nvc (NASA) 29-005-64-3 
Amendmsnt #4 "Altitude Simulation System" 12/27/63. 

d. U.S.  Army Engineer Ms t r i c t ,  Albequerque - Corps of 
Engineers, Albequerque, New Mexico. 
"Specifications for Altitude Simulation Chamber 
LEM Test Faci l i t ies ,  NASA, MSC-WSMR, New Mexico'' 
11/1/63. 

REPORT m-2-4 'B '  
DATE 1/15/6 4 

G R U Y Y A M  A I 8 C R A f T  E N G I N E E R I N G  C O R C O R A T I O N  



a. MSC-AMR Operatione - Criteria for Design - 
MSC Static Test Facility - Prcltmlnary:12 Bec @!I63 

b .  GAEC Report No. LED-2-2 - Technical Criteria 
for Altitude Simulation System for Apollo LEM 
Test Facility, NASA, MSC Teat Ares, WSMR - 
17 June 1963. 



s a 
b 
N 
Q' 
VI 
c 
N 

Section 

1.0 IN?TRODUCTTION 

2.0 DISCUSSION 

2.1 General Requirements 
2.2 
2.3 Special Requirements 

Equipment Required at the Stat ic  Test S i te  

3.0 TABUS aF REQUIRED EQUIPMENT 

3.1 Fluid Systems GSE 
3.2 Handling and Traneportation GSE 

3.3 Electr ical  GSE 

4 .O SITE BUIISIIPG LAYOUTS 

4.1  Concept Drawing-Teat Stand 
4.2 
4.3 GSE and Transfer Building 
4.4 Control Room 

Concept Drawing - Test Stand 

1 

1 

4 
5 
6 

7 
8 
9 
10 

APPENDIX'A' - Technical Criteria for the Atlantic Missile Range 

1.0 

2 .o 

3 *o 

4.0 

5 *o 

Altitude Simulation S y s t e m .  

SCOPE 

DESCRIPTION OF EQUIPMENT 

DIFFUSER-EJECTOR PERFOFWNm IZEQUIREMENrlS 

AUTITUDE REQ-S 

SYSTEM REQUIREMENTS 

Al 

A1 

A 3  

A6 

A6 



?AGE iV 

CXNWEZWS - continued 

Section 

APPEM)IX*B' - Reaction Control Subsystem w i n e  Parameters 

1.0 IXCROIKT(;TION 

2.0 R E W Z I O N  CONTROL suB8ySll'EM 

B 1  

B 1  

RLK)RT mD-2-4'B' 
BAIL Appendix B 

G R U M M A N  A I R C R A F T  L N G I N L E R I N G  C O R ? O R A T I O N  1/15/64 



N 
OI 

N 

1 .o INTRODUCIION 

S ta t ic  f ir ing of the LPI engines u t i l i z ing  each complete LEM 
will be performed as part of the prelaunch acceptance tests 
at AM? t o  insure proper operation of the LPI system and the 
propulsion s&syetem. requirements f o r  the S t s t i c  T e s t  
S i te  t o  perform these tests have been sunanesized and are 
presented herein. 
a l t i tude  simulation system and engine parameters fo r  the 
ascent and descent engines are presented i n  Appendix ' A ' .  
w i n e  parameters and data which affect  the design of a 
separate efiauster or collector system for  the reaction 
control subsystem are presented i n  Appendix ?B', i n  the 
wen t  tha t  the RCS engines are acceptance fired at  the 
Stat ic  T e s t  S i te .  

The technical c r i t e r i a  for the required 

It appears most desirable that  the equipment, f ac i l i t i e s ,  
and methods developed for  uee at  WSMR In  the development 
program be duplicated where possible and ueed at AMR fo r  the 
acceptance tests of the propulsion and reaction control 
subsystems. This i s  the philosophy which has been used 
i n  determining the f a c i l i t i e s  and equipment required a t  
the Stat ic  Firing Si te  at AMR. 

2 .o DISCUSSIOIV 

2.1 General: The requirements for the LEM at the S ta t ic  Test 

perform the acceptance t e a t s  of the propuleion eubeyetem, 
the eervicee required far the equipment and t e s t s ,  and the 
f a c i l i t i e s  required a t  the si te for  performance of the tests. 
The acceptance t e s t e  curreqtly planned t o  be conducted at  the 
LEM Sta t ic  Test S i te  include tests on the ascent and descent 
engines With all subsyetuns operating which are i n  the ascent 
or descent engine firing loop. 
S & C subeystems will be operating during the descent engine 
f i r i ng  since signals from these subsystems control ' the thrust  
and gimballing of the descent engine. 
subsystem may be acceptance tested at  the Stat ic  Firing Si te .  
The need for  hot firing tests of the RCS at the S ta t ic  Firing 
S i te  has not been completely defined at t h i s  t i m e .  
poesibil i ty does exist ,  however, tha t  the RCS fl€ght nozzles 
cannot be adequately acceptance fired a t  sea level.  
also the possibi l i ty  of a conflict  i n  scheduling the use of the 
hy-pergolics building between the currently planned space 
programs at AMR. For these reasons, t h i s  report makes provl- 
sions for firing the RCS at the S ta t ic  Tes t  Site: The 
equipment required for  the RCS has been included i n  the equip- 
ment l ists  and on the layouts. 

AMR are cunprlsed of the equipment required t o  

For example, the N & G and 

The reaction control 

The 

There i s  

There is a potential  need f o r  a collector system or  a separate 
exhauster system for  each RCS quad i f  the RCS is fired in  the 
a l t i tude  chamber of the Static T e s t  S i te .  One of these systems 
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2 .o DISCUSSION 

2.1  

2.2 ~ 

General - continued 

would be required t o  prevent the corrosive unburned gases 
fram demaging the ascent stege of the IiEM vehicle during 
f i r ing .  An exhauster system would be required i f  the RCS 
was fired at altitude. Firing the RCS at sea level would 
not require an exhauater system, but would require a 
collecter syetem fo r  the unburned corroEive gases. 

The s i te  plan presented i n  reference (a) has been reviewed 
t o  compare the f a c i l i t i e s  planned with those required for  
the planned acceptance t e s t e .  The facilities described i n  
reference (a) are sufficient fo r  the t e s t e  planned at the 
S ta t ic  Tegf Site.  A conceptual layout of the s i te  appears 
on figureb.2, with the servicing equipment located i n  the 
v ic in i ty  of the dtitude'chaniber. 

Equipnent Required at the Stat ic  Firing Site  

Fluid Syetsme GSE 

The f lu id  eyetem equipment l i s t e d  i n  table  3*& l e  required 
for servlclng the propulsion and reaction control subsyeteme, 
and fo r  checkout prior t o  actual engine firing. 
ment w l l l b e  located bn t h e  pad edjacent t o  the  al t i tude 
chamber a8 'shown on figure 4.2. 

This equip- 

Handliw and Transportation GSE 

The equipnent l isted i n  table3-2 is required fo r  transporting 
and handling the  ascent stage, descent stage, and mated LEM 
at the Sta t ic  T e s t  Site. 
capacity w i l l  be required for  handling the mated LEM vehicle. 

Wfthin the al t i tude chamber there need be only two positions 
for supporting the IEM; 'theae are: (1) Support of the mated 
ascent and descent stages for  descent engine firing; 
(2) Support of the ascent stage alone fo r  ascent engine 
ana/or reaction control subsystem operation. A smaller 
crane with a 3 t o n  capacity w i i l b e  required for  i n s t a l l i n g  
and removing equipment and the LEM support mounts. 
crane must have access t o  the inner periphery of the a l t i tude  
chamber. 

A crane or gantry with a 10-ton 

"his 

Electr ical  GSE 

The equipnent l isted in table  3.3  will be required f o r  the 
control of the engine flrlng. Moat of t h i s  equipment is  
similar t o  t ha t  required at WSMR f o r  controlling engine 
firing during propuleion development tests. The LEM's at 
AMR, however, wi l l  contain complete subsystems which w i l l  
not be used i n  the  ear ly  aevelopment tests at  WSMR. The 
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2 .o DISCUSSI0N 

2.2 Equipment Required at  the S ta t ic  Firing Si te  

Electrical  GSE - continued 

GSE l i s t e d  i n  table 3.3 has been l a i d  out i n  the control 
room of the Stat ic  T e s t  S i te  (figure 4 , h  ) and w i l l  
operate by uti l izing,as much as possible,the actual 
LEN engine controls and related suksystems. 

The f a c i l i t y  control equipment (TV control station, 
a l t i tude simulation control station, e tc . )  has also been 
l a id  out i n  the area allot-bed fo r  the LEM control room 
(Figure 4.4 ) . 
been completely ut i l ized and does not provide for  any 
growth of planned equipment. An additional 300 square 
foot i s  desirable t o  allow for  additional equipment or  
possible growth of currently planned equipment. 

It should be noted that the area has 

PACE downlink w i l l  be used for  data acquisition. 
certain number of c r i t i c a l  parameters will, however, be 
hardlined t o  the control building for  monitoring during 
firing. The instrumentation readout equipment for  t h i s  
purpose has been l a i d  out i n  Figure 4 . k .  The PACE 
carry-on equipment will be located ei ther  inside the LEM 
vehicle or  adJacent t o  the M within the al t i tude 
chamber. The data interleaver w i l l  be located i n  the 
transfer building, as shown i n  figure 4.3 . 

A 

2.3 Special Requirements: Altitude simulation i s  required fo r  
acceptance tests of the I;EM propulsion subsystem. 
technical c r i t e r i a  for  t h i s  required al t i tude simulation 
system are described i n  Appendix A of t h i s  report and are 
very similar t o  that  required for  WSMR (presented i n  reference 
(b)). Also, see (c) and (a). 

The 

It is necessary tha t  the lower end of the ascent engine s k i r t  
f i t  into the diffuser at the bottom of the al t i tude chamber. 
This may require an extension t o  the al t i tude chamber diffuser 
since the ascent stage w i l l  s i t  above the diffuser (due t o  
the fixed supports) This extension should bridge the gap 
between the lower end of the ascent engine and the diffuser.  
Within the alt i tude chamber external power w i l l  be used t o  
power the LEN system. Power requirements wi l l  include 28 vol t  
DC and 105/125 volts AC,60 CPB, 116. 

DATE 1/15/64 
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2 .o DISCUSSION 

2.2 Equipment Required at the Stat ic  Firing S i t e  

Electr ical  GSE - continued 

GSE listed i n  table 3;3 has been l a i d  out i n  the control 
room of the Sta t ic  Teat Si te  (figure k,$ ) and will 
operate by u t i l i z i n g , a s  much as possible,the actual 
LFM engine controls snd related subsystems. 

The f a c i l i t y  control equipment (TV control station, 
a l t i tude  simulation control station, e tc . )  has also been 
la id  aut i n  the area allot-bed fo r  the LEM control room 
(Figure 4-,4 ) . 
been completely ut i l ized and does not provide fo r  any 
growth of planned equipment. An additional 300 square 
feet is desirable t o  allow for  additional equipment or 
possible growth of currently planned equipment. 

It should be noted that the area has 

PACE downlink wlU be uaed for  data acquisition. 
certain number of c r i t i c a l  parameters wlll, however, be 
hardlined t o  the  control building fo r  monitoring during 
firing. The instrumentation readout equipment for t h i s  
purpose has been laid out i n  Figure k - 4 .  The PACE 
carry-on equipment will be located either inside the LEM 
vehicle or adjacent t o  the  IlEM within the al t i tude 
chamber. 
t ransfer  building, as shown i n  figure 4.3.  

A 

The data interleaver will be located i n  the 

2.3 Special Requirements: 
acceptance tests of the LEM propulsion subsystem. 

Altitude simulation is required for  
The - -  

technical c r i t e r i a  for t h i e  required al t i tude simulation 
system are described i n  Appendix A of t h i s  report and are 
very similsr t o  tha t  required for  WSM'R (presented i n  reference 
(b)) 

It is necessary that the lower end of the ascent engine sk i r t  
fit in to  the diffuser at the bottom of the  Ut i tude  chamber. 
This may require an extension t o  thea l t i t ude  chamber diffuser 
since the  ascent stage Will si t  above t h e  diffuser (due t o  
the fixed supports). This extension should bridge the gap 
between the lower end of the ascent engine and the  diffuser.  

Within the al t i tude chamber external power will be used t o  
power the LEM system. Power requirements will include 28 vol t  
DC and 105/125 volts  A C , ~ O  cps, l#. 
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TECHNICAL CRITERIA FOR THE 

ATLANTIC MISSILE RANGE 
ALTITUDE SIMULATION SYSTEM 

1. SCOPE 

1.1 Scope: These c r i t e r i a  establish the requircments f o r  the design 
andfab r i ca t ion  of the a l t i tude  simulation system a t  the Atlantic 
Missile Range (AMR), Cocoa Beach, Florida. 

1.2 The al t i tude simulation system shall be desiglred i n  modular 
fashion f o r  the Ascent and Descent F'ropulsion stages a t  AMR. 
system sha l l  consist of four major subsystems: 

(a) The exhaust system, including a l t i tude  chamber, diffuser, 
oubsonic clbow section, and eJector stageo. 

(b) The steam generator, t o  provlde drive media f o r  the ejector 
stages. 

( c )  me propellant syotcm, consisting of propenant tamkage, f i l l  
and feed control equipment f o r  the syptem propellants and 
water, gas storage and regulation equipment, 

( d )  The control system, which controls, monitors and indicates 
the performance of the overall simulation system equipment. 

The 

1.3 There shall be a Vertical Test Stand a t  AMR capable of accomo- 
dating the LEM vehicle. The t e s t  stand al t i tude chamber s h a l l  
be s i z e d  t o  accommodate t h e  ent i re  LEM syatc.n. 

2. DESCRIFTION OF EQUIPMENT 

2.1 Altitude Chamber for  AMR: The a l t i tude  chamber f s r  the LEM 
vehicle shal l  b c sized t o  accommodate the ent i re  configuration 
less the lunar landing gear. 
One f ixture  w i l l  be required f o r  the Descent engine f i r ing  in  
t i e  mated IAM configuration. 
t o  mount tine ascent stage demated for  the ascent engine f i r i ng  

and compatible with the WSMR al t i tude chamber. 

Two GSE f ixtures  shal l  be.provided. 

The second f ixture  w i l l  be 'required 

' t e s t .  The AMFi alt i tude chamber should be interchangeable 

2.2 Diffuser f o r  :.MR: 
center b d y  t y-pe and shall be i n s t q l e d  between the a l t i tude chambe: 
and subsonic elbow section and s h a l l  be concentric with the engine 
exi t  cone. The diffuser must perform two dis t inct  functions. The 
first i s  t o  provide minimum pressure in  the al t i tude chamber and 
the sccond is  t o  accomplish a maximum pressure r i s e  so a8 t o  min- 
imize the pumping requirements of me otemi ejector system through, 
out t h e  operating range requirements of the rocket engines.' Thc 
diffuser inlet flange shn'll be attached direct ly  to the alt i tude 
chambers. k - p  - - * I>  .?--..r'lkc..&- I 

The basic diffuser design sh- be of the. 

ENG-MA 
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2.2.1 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

i . The difPuocr ehffx be probeted by 8 mker cooling 
jacket designed t o  maintain the dimensional integri ty  and t o  
prevent spot and throat overheating, burnout and distortion during 
the l i f e  of the fac i l i ty .  Provisions f o r  low point drains sha l l  ' 
be provided. 

Diffueer Interchangeability Requirements: 
Interchangeable w i t h  engine vendor s t a t i c  f a c i l i t i e s  and the 
W S M R  s t a t i c  fac i l i ty .  

Sub-Sonic Elbow Section f o r  AMR: The sub-sonic elbow section shal l  
be i n s t a l l  ed downstream of the diffuser. This section shall have 
a bend o r  allong radius elbow t o  turn the gases from the ver t ical  
t o  the horizontal plane into the steam operated ejectors. 
sub-sonic elbow section shall be protected by a water cooling 
jacket. 
with the descent and ascent stage diffuser. 

The diffuser sha l l  be 

The 

The sub-sonic elbow section in l e t  flange shall mate 

Steam EJectore f o r  AMR: 
and interchangeable w i t h  the  engine manufacturers f a c i l i t i e s  and 
the WSMR f a c i l i t y  

The Steam Ejector shall be compatible 

Steam Generation fo r  AMR: 
be provided t o  clri ve the steam ejectors. 

A LQX4cohol steam Gzneratqr ehall 
It shall  be rated t o  

supply the steam quantity and quality required t o  operate the 
al t i tude simulation system. 
should be interchangeable with the WSMR fac i l i ty .  

. 
The steam generation system selected 

Steam Generator Propellant Run and Storage Tanks f o r  AMR: The 
propellant run tank s shall h ave s w e r f o r m  
two (2) descent stage acceptance tests. 
capacity shall include boil-off, decomposition and other losses. 
The propellant storage tanks shal l  have sufficient storage capa- 
c i ty  for  two (2) descent stage acceptance f i r ings  of 45 seconds 
duration. Provisions fo r  f i l l i n g  the propellant run and storage 
tanks by truck delivery shall be included. 

Considerations i n  tankage 

Water R u n  and Storage Tanks f o r  AMR: 
= = m a l l  the water required (cooling 
water for  diffuser, injection water, etc.) t o  perform two (2) 
descent stage acceptance t e s t  f ir ings.  The water storage tanks 
shal l  have sufficient capacity to supply all the  water required 
t o  perform two (2)  acceptance t e s t  f ir ings.  

The water run tanks sha l l  

Pressurization System: 
be made with a suitable nitrogen pressurization system. 

The propellant and water transfer shal l  
Systeq 

pressure and line sizing w i l l  be a function of steam generator 
requirements. 

Control Systems for AMR: 
stopping of the steam generation system shal l  be provided. 
controls and instrumentation shal l  be located a t  one panel i n  the 

Remote manual and automatic s tar t ing and 
The 
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Control Center. 
l$ throughout the complete range. The panel shal l  incorporate! 
all of the necessary switches, indicating lights, relays, t o  
operate, monitor, t ee t  and check out the e;ystem*in any mode of 
operation. 
safety monitoring provisions 80 that vehicle and system are  
protected upon steam or power failure. The control system shall 
be simple, with minimum number of manual operations required. 
Proviaions for  the replacement of components, ad;jwtmente, and.' 
other required "tmuble.shooting" ahall be inaorporated into the 
design BO that they may be readily accomplished. 

The instnrmentation accuracy shall be 1/4 of 

The control system shall include eU. necessary 

3.1 Descent Engine Parametmrs 

3.1.1 The Diffuser-EJeetor System shall operate, t o  the conditions pre- 
scribed in these specifications with the following engine 
paremeters: 

Thrust ( MSX-) -.. --- I -- I I I I - ..I ----I I -- I I I) - - -- I) 10,500 pounds .. "3 
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3.1.4 

3.1.5 

3.1.6 

3.2 

The composition and f l o w  ra tes  of the engine exhaust gaees cover 
%he following ranges: 

CQMeOGrPION MASS Ffx)w #/sEc 

H2 

co 1.190 0 ,1236 

c02 7.859 o ,8110 

H2° 9.318 0.9749 

The following physical and themdynamic properties of the exhawt 
gas shal l  be used in the analysis of this Diffuser-EJectOr System. 

8 

The descent engine will have capabill t lee to t h ro t t l e  from the 
maximuln flow rate of 9+.40#/sec. t o  the minimum flow r a t e  of 
3.60#/8ec, In a period of  one second. 
maximum flow ra te  throt t l ing is ale0 accomplished in  a period of 
one second. 
in proportionsl amounts of t ime.  

Minimum flow r a t e  to  

Intermediate th ro t t l ing  conditions w i l l  be accomplishec 

The exhaust nozzle exi t  s t a t i c  pressure will vary from a nvlximum 
of 0.163 psia t o  4 minimum of 0.016 psia, the lower pressure 
occurring With the lower chamber pressure i n  the design of the 
system. 

The descent engine nozzle has a collapsing pressure limitation of 
0.05 ps i  imposed as a d i f fe ren t ia l  pressure across the radistion 
cooled skirt. 

Duration of Test Firing: 
descent propulsion eykdkn a t  AMR shall be 45 seconds. 

The t o t a l  duration *of t e s t  f i r i ng  the 

Ascent m i n e :  
aesign perameters: 

a) 

The ascent engine operates within the fhllowing 

Expension mtio - 40:l; Exit diameter of nozzle = 3.n inches; 
Total length of ascent rocket engine = 51 inches. 



Chamber pressure; steady state at  nominal thrust  100 P 8 h 0  

Iep minimumr, ZPBX. th rus t  .. end of duty cycle operating time = 
3 0 6 . 9  sec. (3dvalue) 1b.f eec 

UI om 

Oxidleer .. Nitrogen Tetroxide (N204) conforming t o  specifica- 
t ion  aLP-26539. 

Fuel - Specification MILP-26539. 
of Hydraeine and unaymnetrical dimethylhydraqlne (UDMI) con- 
forming t o  Specification MILP-27402. 

StbLlPt Characteristics: 
rated thrust  within 0.200 eeconas a f t e r  onset of e lec t r i c  

A n  actual mixture by weight 

The ropket engine d develop 'M 
Signal. 

Shutdown Characteristics: 
thrust decay t o  lo$ rated thmrst within 0.200 seeonds after 
receipt of COIlpnand signal. 

The rocket engine w i l l  accomplish 

Impulse Repeatability: 
characterist ic shall be repeatable t o  provide a predictable 
t o t a l  impulse accuracy of 35 lb. sec. 

The rocket engine start and ehutdown. . 

Stabili ty:  
w i l l  not be greater than l l O $  of the nominal rated combustion 
chamber preesure. 
pressure oscil lations which exceed f 2$, after, start end 
during the period of effective steady-state operation. 

The transient starting combustion chamber pressure 

There will be no cyclic o r  periodic chamber 

Starting: 
nominal thrust  level. 

Thrust Vector Alignment: 
a cylinder of-,.O.125 i n  radius about the engine reference l ine.  

Normal starting s h a l l  be accomplished a t  the 

The thrust  vector shaU pass within 

NOTE; 1) The thruet vector location is defined as the spatial 
position of the resultant reactive force of the 
rocket engine during operation. 

2) The engine reference l i n e  is defined as a l i n e  
perpendicular t o  a plane established by the  thrust 
mount surface and paseing through the centroid of a 
circle  defined by the thrust  mount locations. 

ENG-WA 



.Duration of Test Mringt 

a) The t o t a l  duration of t e e t  fir- the Aecent propuleion system. 
at AEp\ shall nat exceed 20 seconds. 

The Ascent engine nozzle has a collapsing pressure l imitation of 
0.1 ps i  imposed 88 a d i f fe ren t ia l  preesure across the engine 
skirt. 

AIIltITUDE REQUDUlBNTS 

These requirements are applicable t o  both the descent and ascent 
propuleion stages, 

_ -  . -  

Starting a t  Pc (max.) 105,000 fee t  b8{ Running at  Pc (max.) 105,000 fee t  
Running between Pc (xw,x.) and Pc (min.) b z z l e  full (minimum). 
Restarting at max, Pc: 

e )  Non-operative periods (vacuum soak) 105,OOO f ee t  (mininnrm). 

m9TpI m u I m  

105,000 f ee t  (minimum) 

The system ahall be of the type o r  one elmil& tha t  has been 
in succeesf'ul operation fo r  a ndnimm of one year and which 
will require no development. 

The 6ystem shall be designed t o  have a usable l i f e  of f ive (5) 
yeare except f o r  those portions that are  exposed t o  excessive 
corrosion or  eroeion i n  which case minor periodic mlntenance 
ahall be required. 

The exhaust system shall  provide mane t o  prohibit reclrcu- 
la t ion  of rocket exhaust gases over the t e s t  vehicle during 
start, normal operation, shut down and restar ts .  

The system shaJl be capable of being placed i n  operation and 
attaining the desired altitude i n  30 secgnds nvjlximum using 
the steam ejector. 

The system 6hal.l be designed t o  minimize the effect  of exhaust 
gas toxicity. 
t o  mzdmlze Xratptrd. disperseat  of +&xk fumes. 

The atmospheric exhaust point ehall be located 

The system shall not operate in vibration frequency ranges 
that xill generate adverse noise problems or cvuee malfunction 
of the t e e t  vehcile other than those normally encountered i n  
test vehicle operation. 

The system ehall be designed t o  provide for safe shutdown in  
event of a t e s t  vehicle malArnction o r  e lec t r ica l  power 
fa i lure  without damage to  test vehicle, 

G R U M M A N  AIRCRAfT  E N G I N E E R I N G  C O R P O R A T I O N  
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The system shall be designed f o r  minimum maintenance. 
The system sha l l  be designed t o  be self-contained and 
independent of external facil i t ies except for  supporting 
u t i l i t i e s  such as water, power, gas ( ine r t )  and a control 
center. 
The system sha l l  be capable of performing two (2)  descent 
stage acceptance test  f i r i ngs  i n  a twelve (12) hour period. 
Manual control of the inject ion water used t o  cool the hot 
gases sha l l  be provided t o  override the automatic system. 
A l l  materials shall be compatible with Nitr ic  Acid fo r  
limited periods of time. 
The system shall be designed t o  an ambient pressure of 14.7 
psia.  
The procurement of the Altitude Simulation System f o r  AMR 
shall be from one Vendor who shall have the complete system 
responsibil i ty for  fabrication, instal la t ion,  checkout and 
t ra ining of personnel t o  operate f a c i l i t i e s .  
Diffuser, Ejector and Steam Generation system should be 
compatible and interchangeable with the Engine Manufacturers 
and the WSMR f a c i l i t i e s ,  
The Diffuser-Ejector system should be one u n i t  s ized f o r  the 
descent engine. 
the ascent engine. 

Such a diffuser will a lso  accommodate 
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1 .o INTRODUCTION 

The RCS engine parameters and operating information required 
fo r  the design of the Stat ic  T e s t  Facil i ty,  including a 
collector or separate exhauster system, are presented herein. 

2 .o REACTION CONTROL SUBSYS!J!EM 

2.1 E n ~ i n e  Parameters 

2.2 Thrust C h d  e r  Char act er ist i c  s 

FUse Mode 
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?AGE B2 

e 

0 

2.0 REACTION CONTROL SUBSYSI’EM 

2.2 Thrust Chamber Characteristics 

Pulse Mode - continued 

2.3 Exhaust Gases and Flow Rates: 
A e  indlv&dual thrust  chamber i n  a 
steady-state mode cover the following ranges: 

The composition and flow ra tes  Exhaust Gases and Flow Rates: 
A e  indlv&dual thrust  chamber i n  a 

The composition and flow ra tes  

>wing ranges: 

Coanposition Mass Flow Rate (#/see) 

.1426 

.io52 

.00968 

.00201 

.0291 

.0%7 
- 0073 

-0003 

The following are the physical and thermodynamics properties 
of the RCS exhaust gases. 

2.4 Tests Planned: Acceptance tests a t  AMR ~Ill consist of 
steady-state running and pulse mode operation simultaneously. 
The t o t a l  f i r ing  time required fo r  these planned tests w i l l  
be 240 seconds. 
exhaust efflux w i l l  be 1.98 lbs/sec, based on four chambers 
steady-state and four chambers pulsing. 

During the planned f i r ing  the maximum 
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